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57 ABSTRACT

An additional information signal 1s recorded at a predeter-
mined position 1n a series of sectors in which 1mage data
coded by an infra-frame or intra-field coding method are
recorded. The additional information signal 1s extracted and
a pickup driving circuit 1s controlled. Thus, only the infra-
frame or 1ntra-field coded 1image data sets can be reproduced.
A transfer rate 1s recorded as the additional information, so
that the 1mage data can be stably reproduced. It 1s possible
to predict the position of the first sector to be the next
reproduced of the series of sectors in which the intra-frame
coded 1mage data are recorded, on the basis of the position
of the first one of the series of sectors in which intra-frame
coded 1mage data are recorded and the position of the first
one of a previous series of sectors in which the intra-frame
coded 1mage data are recorded.

9 Claims, 11 Drawing Sheets
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OPTICAL RECORDING DEVICE WHICH
CALCULATES DISTANCES BETWEEN I-
FRAMES AND RECORDS I-FRAME
ADDRESSES IN A SECTOR

This application 1s a continuation of application Ser. No.
08/317,766, filed Oct. 4, 1994, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical imformation
recording and reproducing apparatus, and a recording and
reproducing method used i1n the apparatus. More
particularly, the present invention relates to an optical infor-
mation recording and reproducing apparatus for recording
and reproducing a compressed and encoded video signal,
and a recording and reproducing method used 1n the appa-
ratus.

2. Description of the Related Art

The 1image data for a moving picture includes an enor-
mous amount of information as compared with the data for
a still picture, so that 1t 1s very difhicult to record or
reproduce the image data for a moving picture by a real-time
processing. Accordingly, digitized 1image data 1s coded and
compressed to a degree at which the deterioration of infor-
mation 1s negligible with respect to the original 1image, and
then recorded on a recording medium. Due to the data
compression and coding, 1mage data can be recorded onto
the recording medium for a longer time period and image
data can be reproduced from the recording medium for a
longer time period.

As the coding methods for As image date, there are
intra-frame (or intra-field) coding and inter-frame (or inter-
field) coding. In the intra-frame (or intra-field) coding, the
coding 1s performed within a frame (or a field). In the
inter-frame (or inter-field) coding, the coding is performed
between frames (or between fields). Hereinafter, the descrip-
tion 1s made for the case of frames, but it 1s appreciated that
the same description can be made for the case of fields.

In general, some frames are included in one group. In the
group, data of at least one frame 1s processed by intra-frame
coding which has relatively low compressibility. In each
group, a frame compressed by the intra-frame coding 1is
referred to as an I frame. For the remaining frames in the
oroup, the inter-frame coding which has relatively high
compressibility 1s performed. By combining the intra-frame
coding with the imter-frame coding, it 1s possible to com-
paratively suppress the deterioration of information, and to
improve the compressibility.

The coded and compressed data 1s recorded onto the
recording medium 1n the following manner. First, the data
compressed by intra-frame coding (I-frame data) and the
data compressed by inter-frame forward predictive coding
(P) or inter-frame bidirectional predictive coding (B) are
arranged along a time axis, and various codes are added, so
as to constitute a unit of data. Then, the unit of data 1s
divided into sectors each having a fixed data capacity. The
sectors are provided with respective addresses, and the data
1s recorded onto the recording medium. When the image
data which has been thus recorded onto the recording
medium 1s to be reproduced, the reproduction 1s performed
while recognizing the address of the sector.

However, 1in the case where only the intraframe coded and
compressed data 1s to be reproduced 1n a trick play such as
a high-speed reproduction, the above-described recording
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and reproducing method requires a table indicating the
relationship between a sector address and data recorded in
the sector. The table must be recorded 1n an area of the
recording medium other than the area in which the coded
data 1s recorded. For example, when 1mage data i1s to be
recorded onto an optical disk, sector addresses of I-frame
data are recorded in a management arca provided on the
inner side of the optical disk (FIG. 11). The sector address
cannot be written during the recording of the coded data so
that 1t must be recorded after the recording of the coded data.
This may result 1n a problem 1n that, if for some reason the
table indicating the relationship cannot be written, a trick
play cannot be performed.

In the cases where the 1mage data 1s recorded after being,
coded and compressed, 1t 1s necessary to expand and decode
the data for reproducing it. Therefore, 1t has been proposed
that programing data for decoding used 1n the reproduction
be recorded in header portions of respective data (grouped
data) coded by different coding methods (for example,
described 1 Japanese Laid-Open Patent Publication No.

2-123883). However, in such a conventional method, the
information amount of the image data 1s not known until the
compressed 1mage data 1s expanded/decoded by a decoder
and the codes are analyzed. Therefore, 1in the cases where
data of different transfer rates are mixedly recorded in one
recording medium, there arises a problem 1n that the buiffer
memory may cause overflow or underflow during the
reproduction, or the data processing in the decoder may be
delayed.

SUMMARY OF THE INVENTION

The information recording apparatus of this invention for
recording video information after the video mformation is
coded and compressed, includes: group dividing means for
dividing digital 1mage data into groups each including a
plurality of frames, to generate first grouped data; coding
means for coding and compressing the respective groups of
the first grouped data by a first coding method and a second
coding method, to generate first coded data and second
coded data, respectively; sector dividing means for dividing
the first and second coded data into sectors, respectively;
additional information generating means for generating
additional information including information identifying the
first coded data and information indicating a position of the
first coded data; and formatter means for combining the
additional information with at least one of the divided
sectors of the first coded data at a predetermined position,
and for arranging the sectors of the first and second coded
data 1n a predetermined sequence, so as to generate second
cgrouped data.

According to another aspect of the invention, the infor-
mation recording apparatus for recording video mformation
after the wvideo information 1s coded and compressed,
includes: group dividing means for dividing digital image
data 1nto groups each mcluding a plurality of frames, to
ogenerate first grouped data; coding means for coding and
compressing the respective groups of the first grouped data
by a first coding method and a second coding method to
ogenerate first coded data and second coded data, respec-
fively; sector dividing means for dividing the first and
seccond coded data into sectors, respectively; additional
information generating means for generating additional
information indicating a transfer rate of each of the groups
of the first grouped data; and formatter means for combining
the additional information with a predetermined sector of the
first coded data, and for arranging the sectors of the first and
second coded data in a predetermined sequence so as to
generate second grouped data.
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According to another aspect of the invention, the infor-
mation reproducing apparatus for reproducing video infor-
mation recorded on a recording medium 1s provided. The
recorded video information i1s grouped data divided into a
plurality of groups, each of the plurality of groups including,
first coded data coded and compressed by a first coding
method and second coded data, coded and compressed by a
second coding method, each of the first and second coded
data being divided into sectors, the sectors being arranged 1n
a predetermined sequence 1n each of the groups, additional
information including information identifying the first coded
data and information indicating a position of the first coded
data bemng combined with a sector of the first coded data at
a predetermined position. The apparatus includes: pickup
means for taking out the video information recorded onto the
recording medium; pickup driving means for moving the
pickup means; signal reproducing means for receiving the
video information from the pickup means and for converting,
the video information imnto a reproduced signal; additional
information extracting means for receiving the reproduced
signal, and for extracting the additional information which 1s
combined with the sector of the first coded data of each of
the groups at the predetermined position to generate an
additional information signal; control means for receiving
the additional information signal and for controlling the
pickup driving means based on the additional information
signal; and decoder means for receiving the reproduced
signal and for decoding the reproduced signal to convert the
reproduced signal mto an output signal.

According to another aspect of the invention, the infor-
mation reproducing apparatus for reproducing video mfor-
mation recorded on a recording medium 1s provided. The
recorded video mformation 1s grouped data divided into a
plurality of groups, each of the plurality of groups including
first coded data, coded and compressed by a first coding
method, and second coded data, coded and compressed by a
second coding method, each of the first and second coded
data being divided 1nto sectors, the sectors being arranged 1n
a predetermined sequence 1n each of the groups. The appa-
ratus 1ncludes: pickup means for taking out the video
information recorded on the recording medium; pickup
driving means for moving the pickup means; signal repro-
ducing means for receiving the video information from the
pickup means and for converting the video information mnto
a reproduced signal; address storage means for receiving the
reproduced signal and for storing addresses of the sectors of
the first coded data in each of the groups; position predicting
means for receiving the stored addresses from the address
storage means and for predicting an address of a first sector
of a series of sectors mm which the first coded data are
recorded 1n each of the groups; control means for receiving
the predicted result of the position predicting means and for
controlling the pickup driving means based on the predicted
result; and decoder means for receiving the reproduced
signal and for decoding the reproduced signal to convert the
reproduced signal mto an output signal.

According to another aspect of the invention, a method for
recording video mnformation after the video mformation is
coded and compressed is provided. The method includes: (a)
a step of dividing digital image data into groups, each
including a plurality of frames, to generate first grouped
data; (b) a step of coding and compressing the respective
ogroups of the first grouped data by a first coding method to
generate first coded data; (c) a stop of coding and compress-
ing the respective groups of the first grouped data by a
second coding method, to generate second coded data; (d) a
step of dividing the first and second coded data into sectors,
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4

respectively; (€) a step of generating additional information
including information identifying the first coded data and
information indicating a position of the first coded data; (1)
a step of combining the additional information with at least
onc of the divided sectors of the first coded data at a
predetermined position; and (g) a step of arranging the
sectors of the first and second coded data 1n a predetermined

sequence so as to generate second grouped data.

According to another aspect of the invention, an infor-
mation recording method for recording video information
after the video information 1s coded and compressed 1s
provided. The method includes: (a) a stop of dividing digital
image data into groups, each including a plurality of frames,
to generate first grouped data; (b) a step of coding and
compressing the respective groups of the first grouped data
by a first coding method to generate first coded data; (c) a
step of coding and compressing the respective groups of the
first grouped data by a second coding method to generate
second coded data; (d) a step of dividing the first and second
coded data into sectors, respectively; (e) a step of generating
additional information indicating a transfer rate of each of
the groups of the first grouped data; (f) a stop of combining
the additional information with a predetermined sector of the
first coded data; and (g) a step of arranging the sectors of the
first and second coded data 1n a predetermined sequence so
as to generate second grouped data.

According to another aspect of the invention, a method for
reproducing video information recorded on a recording
medium 1s provided. The recorded video information 1is
orouped data divided into a plurality of groups, each of the
plurality of groups including first coded data, coded and
compressed by a first coding method, and second coded
data, coded and compressed by a second coding method,
cach of the first and second coded data being divided into
sectors, the sectors being arranged in a predetermined
sequence 1n each of the groups, additional information
including information identifying the first coded data and
information indicating a position of the first coded data
being combined with a sector of the first coded data at a
predetermined position. The method includes: (a) a step of
taking out the video information recorded on the recording
medium by pickup means; (b) a step of converting the video
information into a reproduced signal; (c¢) a step of extracting,
from the reproduced signal, the additional information
which 1s combined with the sector of the first coded data of
cach of the groups at the predetermined position to generate
an additional information signal; (d) a step of controlling the
pickup means based on the additional information signal to
move the pickup means to a predetermined position at which
the first coded data is recorded; and () a step of decoding
the reproduced signal to convert the reproduced signal into
an output signal.

According to another aspect of the invention, a method for
reproducing video Information recorded on a recording
medium 15 provided. The recorded video information 1is
orouped data divided into a plurality of groups, each of the
plurality of groups including first coded data, coded and
compressed by a first coding method, and second coded
data, coded and compressed by a second coding method,
cach of the first and second coded data being divided into
sectors, the sectors being arranged in a predetermined
sequence in each of the groups. The method includes: (a) a
stop of taking out the video information recorded on the
recording medium by pickup means; (b) a step of converting
the video information into a reproduced signal; (c) a step of
extracting, from the reproduced signal, addresses of sectors
of the first coded data in each of the groups of the video
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information, and storing the extracted addresses; (d) a step
of predicting an address of a first sector of a series of sectors

in which the first coded data are recorded in each of the
groups, based on the stored addresses; (¢) a step of control-
ling the pickup means based on the predicted result to move
the pickup means 1nto a position at which the first coded data
is recorded; and (f) a step of decoding the reproduced signal
to convert the reproduced signal into an output signal.

Thus, the imnvention described herein makes possible the
advantages of (1) providing an optical information recording
and reproducing apparatus and a recording and reproducing
method used 1n the apparatus, 1n which trick plays such as
high-speed forward reproduction and high-speed backward
reproduction can be performed by selectively reproducing
data which can be decoded by relatively simple procedures
such as intra-frame (or intra-field) coded data among the
coded image data, (2) providing an optical information
recording and reproducing apparatus and a recording and
reproducing method used in the apparatus, 1n which a
selection method of data to be reproduced can be changed in
accordance with a desired reproduction speed 1n the trick
play, and (3) providing an optical information recording and
reproducing apparatus and a recording and reproducing
method used 1n the apparatus, in which 1mage data can be
stably and smoothly decoded even when data of different
fransfer rates are mixedly recorded on one recording
medium.

These and other advantages of the present invention will
become apparent to those skilled 1n the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing 1image data coded by a coding
method under MPEG standard.

FIG. 2 1s a diagram showing a sector arrangement of
image data recorded on a recording medium and the contents
of additional information according to a first example of the
invention.

FIG. 3 1s a block diagram showing an information record-
Ing apparatus according to the first example of the invention.

FIG. 4 1s a block diagram showing an information repro-

ducing apparatus according to a second example of the
invention.

FIG. 5 1s a block diagram showing an information repro-
ducing apparatus according to a third example of the inven-
tion.

FIG. 6 1s a diagram showing a sector arrangement of
image data recorded on a recording medium and the contents
of additional information according to a fourth example of
the 1nvention.

FIG. 7 1s a block diagram showing an information repro-
ducing apparatus according to the fourth example of the
invention.

FIG. 8 1s a block diagram showing an information repro-
ducing apparatus according to a fifth example of the inven-
tion.

FIG. 9 1s a diagram showing the address storage circuit
and the distance predictor shown in FIG. 8 1n more detail.

FIG. 10 1s a diagram showing a sector arrangement of
image data and distances between sectors 1n the 1mage data
used 1n the fifth example of the invention.

FIG. 11 1s a diagram showing a conventional method for
recording a sector address of I-frame data.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the present invention will be described by
way of 1illustrative examples with reference to the accom-
panying drawings.
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In the following description, image data signals for a
moving picture are digital video signals which are mput by
a unit of frame or a unit of field, and they are compressed by
at least two types of coding methods. For example, the two
types are intra-frame (intra-field) coding for spatial infor-
mation compression and inter-frame (inter-field) coding for
information compression along a time axis. Typical image
data signals are those coded by a coding method under
MPEG (Moving Picture Image Coding Experts Group)
standard (FIG. 1). As shown in FIG. 1, in the coded image
data, an I (Intra-Coded) frame coded by intra-frame coding,
a P (Predictive Coded) frame coded by forward predictive
coding, and a B (Bidirectionally Predictive Coded) frame
coded by bidirectional predictive coding are arranged 1n a
predetermined sequence. If the coding 1s performed by the
unit of field instead of the unit of frame, an I field, a P field,
and a B field are arranged. Hereinafter, the description 1s
made 1n the case of the frame unit, but 1t 1s appreciated that
the same description can be made for the case of field unait.

EXAMPLE 1

FIG. 2 schematically shows the sequence of image data
100 recorded on a recording medium according to a first
example of the invention. The digital image data coded and
compressed by the above-described methods are recorded in
ogroups. For example, the recording medium 1s an optical
disk, or the like. One group includes one I-frame data, and
corresponding P-frame and B-frame data. The correspond-
ing P-frame and B-frame data indicates the data of P-frames
and B-frames located between the I frame and the next I
frame. The data of I, P, and B frames ere respectively divided
into sectors and then recorded. In FIG. 2, each group
includes n sectors (e.g., sectors a; to a,). I-frame data is
located in sectors 201 at the beginning of each group (e.g.,
sectors a;—a5). P- and B-frame data is located in the remain-
ing sectors 202 (e.g., sectors a,—a,). Each sector for the
[-frame date includes 1ts sector address, additional informa-

tion 203, and coded data.

One or more additional mmformation areas may be pro-
vided. The additional information 203 can be located in
every sector for the I frame as described above.
Alternatively, the additional information 203 may be located
only 1n the first sector for the I frame or located only 1n the
first and last sectors for the I frame.

The additional information 203 includes the following
clements:

(1) an identifier indicating that the data recorded in the sector
1s 1mntra-frame coded data; and

(2) an address of the first sector for the I frame in a group
preceding by m groups with respect to the group to which
the sector belongs, and/or an address of the first sector for
the I frame 1n a group succeeding by m groups with
respect to the group to which the sector belongs.

For example, as shown in FIG. 2, additional information
203 1s recorded at a predetermined position 1 the sector ¢,
for I-frame data in one group. The additional information
203 includes an identifier I, an address (indicated by a,
identical with the sector name) of the first sector a; for I
frame in a group preceding by m groups (in the figure, m=2),
and an address (e,) of the first sector e, for I frame in a group
succeeding by m groups.

The recorded order of elements (1) and (2) can be
reversed.

The additional information 203 can include the following,
element instead of element (2):

(3) a distance to the first sector for the I frame in a group
preceding by m groups with respect to the group to which
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the sector belongs, and/or a distance to the first sector for

the I frame 1n a group succeeding by m groups with

respect to the group to which the sector belongs.

The distance may be a difference between the address of
the sector and the address of the first sector for the I frame
in a group preceding by m groups with respect to a group
which 1ncludes the sector, or a difference between the
address of the sector and the address of the first sector for the
I frame 1n a group succeeding by m groups with respect to
a group which includes the sector.

FIG. 3 1s a block diagram showing a recording apparatus
200 according to the invention for recording the above-
described 1image data. The recording apparatus 200 includes
an analog/digital converter 1, a group divider 2 for dividing
digital image data 1nto groups each including a plurality of
frames, an encoder 3, a sector divider 4 for dividing the
coded 1image data into sectors, an additional information
generator 5 for generating the above-described additional
information, and a formatter 6 for producing output data by
combining the additional information with a predetermined
sector and arranging the respective sectors.

The group divider 2 divides the input image data (serial
data) into groups including a plurality of frames, so as to
produce first grouped data. The encoder 3 performs the
coding and compression for each group of the first grouped
data. By using the intra-frame coding method, an I frame
(first coded data) 1s generated. By using the forward and
bidirectional predictive coding methods, P and B frames
(second coded data) are generated. In some cases, either one
of the forward predictive coding and the bidirectional pre-
dictive coding may be used. The sector divider 4 divides the
I, P, and B frames 1nto a predetermined number of sectors
which are output to the formatter 6. The additional infor-
mation generator 5 generates an 1dentifier I indicative of the
I frame, and additional information indicating positions of I
frames 1n a group which precedes and/or succeeds by m
groups or a relative distance between a specific I frame of a
oroup and an I-frame 1n a group which precedes and/or
succeeds by m groups with respect to the specific I frame.
The generated additional mmformation i1s supplied to the
formatter 6. The formatter 6 combines the additional 1nfor-
mation with at least one of the sectors for I-frame data at a
predetermined position, and arranges the sectors of the I, P,
and B frame data 1n a predetermined sequence. As a result,
the formatter 6 generates grouped data 100 to be recorded.

Herein, the additional information on the relative distance
between I frames belonging to different groups (one group
includes one I-frame data, and correspondmg P-frame and
B-frame data) may, for example, be differences between the
addresses of the first and the last sectors for I-frame data 1n
a specific group and the address of the first sector for the
[-frame data 1n a group preceding by m groups with respect
to the specific group, or differences between the addresses of
the first and the last sectors for the I-frame data 1n a speciiic
oroup and the address of the first sector for the I-frame data
In a group succeeding by m groups with respect to the
specific group. Any combinations of such differences can be
used as the information as required. The number m of
skipped groups (m is a natural number) can be selected in
accordance with the speed of a trick play (the high-speed
reproduction). If information related to a plurality of values
for m 1s recorded, 1t 1s possible to accommodate various
speeds 1n high-speed reproduction.

EXAMPLE 2

FIG. 4 1s a block diagram schematically showing an
information reproducing apparatus 300 according to a sec-
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ond example of the invention. The information reproducing
apparatus 300 reproduces video information (image data)
which has been coded and compressed and recorded on a
recording medium such as an optical disk by a recording
apparatus such as the above-described information record-
ing apparatus 200. In the following description, an optical
disk 1s used for the recording medium. It 1s appreciated that
any other types of recording media (¢.g., a magnetic record-
ing medium) can be used. This example describes the
reproducing apparatus 300 1n the case where the additional
information includes elements (1) and (2) described in

Example 1.

The 1nformation reproducing apparatus 300 includes an
optical pickup device 12 for taking out the video information
recorded on a recording medium 11, an optical pickup
driving circuit 17 for moving the optical pickup device 12,
a signal reproducing circuit 13 for receiving the video
information from the optical pickup device 12 and for
converting the video signal into a reproduced signal, an
additional information extractor 14 for extracting an addi-
tional information signal of a sector for the I-frame data in
cach group from the reproduced signal, a buffer 15, a
decoder 16 for decoding the reproduced signal 80 as to
convert the reproduced signal into an output signal, and a
control circuit 18 for controlling the optical pickup driving
circuit 17 based on the additional information signal.

The signal reproducing circuit 13 receives the 1mage data
signal from the optical pickup device 12, and performs
digitization, digital demodulation, error correction, and the
like. The 1mage data output from the signal reproducing
circuit 13 1s fed into the additional mnformation extractor 14
and the buffer 15. The additional information extractor 14
extracts the additional information which has been described
in Example 1 and the additional information signal 1s output
to the buffer 15 and the control circuit 18. The control circuit
18 controls the optical pickup driving circuit 17 based on the
additional information signal. In FIG. 4, the control circuit
18 1s separately provided. Alternatively, the control circuit
18 may be provided in the optical pickup driving circuit 17.
The decoder 16 receives the output of the buffer 15, and
performs data expansion and decoding for the image data
which has been coded and compressed. Thus, 1mage data
that 1s to be displayed 1s output.

In a trick play such as a high-speed reproduction, only the
I-frame data sets are successively reproduced 1n the follow-
ing manner. By using additional mmformation in one group
extracted by the additional information extractor 14, it is
possible to obtain, for example, the address of the first sector
for the I-frame data to be reproduced next (i.e., the first
sector for the I-frame data belonging to a group separated by
m groups). The control circuit 18 controls the optical pickup
driving circuit 17, so that the optical pickup device 12
(specifically, a reproduction head of the optical pickup
device 12: not shown) is track-jumped to the obtained
address. As the result of this track-jump, the reproduction
head reaches the first sector for the I-frame data to be
reproduced next, and the image information 1s reproduced
from the sector for the I-frame data. Since the I-frame data
includes the address information of the first sector for the
[-frame data to be reproduced next, the reproduction head 1s
track-jumped to the next address. By repeatedly performing
the above operation, only the I-frame data sets can be
successively reproduced.

The address of the first sector can be appropriately
selected 1n accordance with the speed of the desired high-
speed reproduction. In the case where the trick play 1is
performed at a very high speed, it i1s sufficient to set the
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number m of groups to be track-jumped larger. Moreover, 1t
sector address information corresponding to various values
of m 1s recorded, 1t 1s possible to set a plurality of trick-play
modes for different reproducing speeds.

A trick play can be performed by using additional infor-
mation only including the identifier I which indicates that
the sector 1s the I-frame data. However, 1n such a case, the
I frames 1n all groups are reproduced, so that the speed for
the trick play 1s limated.

In order to efficiently utilize the recording medium, com-
pressibility of image data may be varied in accordance with
the type of image data to be recorded and reproduced (for
example, video 1image data for drama and sports programs
that include active motion, and video image data for news
programs that include less motion). In such a case, by
recording the sector address for the I-frame data to be
reproduced next, it 1s possible to perform an effective trick
play 1 accordance with the compressibility.

EXAMPLE 3

FIG. 5 1s a block diagram schematically showing an
information reproducing apparatus 400 according to a third
example of the invention. The information reproducing
apparatus 400 reproduces video information (image data)
which has been coded and compressed, and recorded on a
recording medium such as an optical disk by a recording
apparatus such as the above-described information record-
ing apparatus 200. In the following description, an optical
disk 1s used for the recording medium. It 1s appreciated that
any other types of recording media (¢.g., a magnetic record-
ing medium) can be used. This example describes the
reproducing apparatus 400 1n the case where the additional
information includes elements (1) and (3) described in
Example 1.

The mformation reproducing apparatus 400 includes an
optical pickup device 22 for taking out the video information
recorded onto a recording medium 21, an optical pickup
driving circuit 25 for moving the optical pickup device 22,
a signal reproducing circuit 23 for receiving the video
information from the optical pickup device 22 and for
converting the video signal into a reproduced signal, an
additional information extractor 24 for extracting an addi-
fional information signal of a sector for the I-frame data in
cach group from the reproduced signal, a decoder 26 for
decoding the reproduced signal so as to convert the repro-
duced signal into an output signal, and a control circuit 27
for controlling the optical pickup driving circuit 25 based on
the additional information signal.

The signal reproducing circuit 23 receives the 1mage data
signal from the optical pickup device 22, and performs
digitization, digital demodulation, error correction, and the
like. The 1mage data output from the signal reproducing
circuit 23 1s fed mnto the additional information extractor 24.
The additional information extractor 24 extracts the addi-
tional information (distance information) which has been
described in Example 1 and the additional information
signal 1s output to the control circuit 27. The control circuit
27 controls the optical pickup driving circuit 25 based on the
additional information signal. In FIG. 5, the control circuit
27 1s separately provided. Alternatively, the control circuit
27 may be provided 1n the optical pickup driving circuit 25.
The decoder 26 receives the output of the signal reproducing
circuit 23, and performs data expansion and decoding for the
image data which has been coded and compressed. Thus,
image data to be displayed 1s output.

In a trick play such as a high-speed reproduction, only the
[-frame data sets are successively reproduced in the follow-

10

15

20

25

30

35

40

45

50

55

60

65

10

ing manner. From the additional information recorded at a
predetermined position of a sector for the I-frame data in a
specific group, the additional information extractor 24
extracts distance mmformation from the sector to an I frame

In a group succeeding by m groups with respect to the
specific group. By using the distance information, 1t 1s
possible to obtain a distance of track-jump for the repro-
duction head so as to reach the I frame that 1s to be
reproduced next. The distance may, for example, be a
difference between an address of the first or last sector of one
I frame and the first address of an I frame to be reproduced
next. The control circuit 27 controls the optical pickup
driving circuit 25, so that the optical pickup device 22
(specifically, the reproduction head of the optical pickup
device 22: not shown) is track-jumped by the obtained
distance. As a result of this track-jump, the reproduction
head reaches the first sector for the I-frame data to be
reproduced next, and the image information 1s reproduced
from the sector for the I-frame data. Since the I-frame data
includes the distance information to the I-frame data to be
reproduced next, the reproduction head 1s track-jumped to
the next I-frame data. By repeatedly performing the above
operation, only the I-frame data sets can be successively
reproduced. It 1s appreciated that the distance to be track-
jumped may be somewhat shorter than the distance included
in the distance information extracted by the additional
information extractor 24. This can prevent an excessive
jump of the reproduction head.

The distance to be track-jumped can be appropriately
selected 1n accordance with the speed of the desired trick
play. In the case where the trick play i1s performed at a very
high speed, it 1s suflicient to set the distance so that several
oroups are jumped. Moreover, if a plurality of distance
information sets are recorded, 1t 1s possible to set a plurality
of trick-play modes. As 1n Example 2, it 1s possible to
perform an effective trick play 1n accordance with the type
and the compressibility of the 1mage data.

In addition, since the distance 1s used as the additional

information, it 1s possible to directly control the optical
pickup driving circuit without calculating any address.

EXAMPLE 4

FIG. 6 schematically shows the sequence of 1image data
500 recorded on a recording medium according to a fourth
example of the invention. The structure of the 1mage data
500 1s 1dentical with that of the image data 100 described in
Example 1, except for the contents of additional information
204. In Example 1, the additional information 203 includes
(1) the identifier I indicating that the data recorded in the
sector 1s intra-frame coded data (I-frame), and (2) an address
of the I frame to be reproduced next, or (3) the distance to
an I frame to be reproduced next.

In this example, as 1s seen from FIG. 6, the additional
information 204 includes (4) a transfer rate of image data in
each group, instead of element (2) or (3). The additional
information 204 also includes the identifier I (1) similar to
the additional information 203. The additional information
204 1s recorded 1n each sector for the I-frame. Alternatively,
the additional information 204 may be recorded only 1n the
first sector for the I-frame.

In this example, the transfer rate 1n the additional infor-
mation indicates the transfer rate of the group which
includes the additional information. Alternatively, the trans-
fer rate may be a transfer rate obtained by averaging transfer
rates of a plurality of groups. One or more sets of additional
information can be recorded. The recorded order of elements

(1) and (4) can be reversed.
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The 1image data 500 can be recorded 1n the same way as
described in Example 1, 1n such a manner that the additional
information generator 5 generates the additional information
204 1nstead of the additional information 203 in the record-
ing apparatus 200 shown in FIG. 3 (the detailed description
for the image data 500 is omitted).

FIG. 7 1s a block diagram schematically showing an
information reproducing apparatus 600 according to the
fourth example of the mnvention. The information reproduc-
ing apparatus 600 reproduces the 1mage data 500 recorded
on a recording medium such as an optical disk.

The information reproducing apparatus 600 includes an
optical pickup device 32 for taking out the video information
recorded onto a recording medium 31, a signal reproducing
circuit 33 for receiving the video mformation from the
optical pickup device 32 and for converting the video signal
into a reproduced signal, an additional information extractor
35 for extracting an additional information signal of a sector
for the I-frame data in each group from the reproduced
signal, a memory 34, and a decoder 36 for decoding the
reproduced signal so as to convert the reproduced signal into
an output signal.

The signal reproducing circuit 33 receives the 1mage data
signal from the optical pickup device 32, and performs
digitization, digital demodulation, error correction, and the
like. The 1mage data output from the signal reproducing
circuit 33 1s fed mto the additional information extractor 35
and the memory 34. The additional information extractor 35
extracts the above-described additional information (transfer
rate) and the additional information signal is output to the
memory 34. The mput and the output of the memory 34 are
controlled 1n accordance with the transfer rate based on the
additional information signal. The decoder 36 receives the
output of the memory 34, and performs data expansion and
decoding for the image data which has been coded and
compressed. Thus, 1mage data to be displayed 1s output.

The reproducing apparatus 600 of this example can be
also provided with an optical pickup driving circuit for
moving the optical pickup device 32. In such a case, the
reproducing apparatus 600 can be combined with the pre-
vious examples.

The additional information may be the amount of infor-
mation included 1n the group, instead of the transfer rate.

By using the transfer rate as the additional information, it
1s possible to stably and smoothly decode the image data
even when data with different transfer rates are mixedly
recorded on one recording medium.

EXAMPLE 5

This example describes a reproducing apparatus and a
reproducing method 1n which a distance from an I-frame
data of one group to an I frame of a group separated by m
ogroups 1s predicted so that only the I-frame data sets are
successively reproduced 1n a trick play.

FIG. 8 1s a block diagram schematically showing an
information reproducing apparatus 700 according to a fifth
example of the invention. The information reproducing
apparatus 700 reproduces video information (image data 800
shown in FIG. 10) which has been coded and compressed
and recorded on a recording medium such as an optical disk.
In the following description, an optical disk 1s used for the
recording medium. It 1s appreciated that any other type of
recording media (e.g., a magnetic recording medium) can
also be used.

The information reproducing apparatus 700 includes an
optical pickup device 42 for taking out the video information
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recorded on a recording medium 41, an opfical pickup
driving circuit 47 for moving the optical pickup device 42,
a signal reproducing circuit 43 for receiving the video
information from the optical pickup device 42 and for
converting the video signal into a reproduced signal, an
address storage circuit 44, a distance predictor 45, a decoder
46 for decoding the reproduced signal so as to convert the
reproduced signal 1into an output signal, and a control circuit
48 for controlling the optical pickup driving circuit 47 based
on a distance information signal output from the distance
predictor 45.

The signal reproducing circuit 43 receives the 1mage data
signal from the optical pickup device 42, and performs
digitization, digital demodulation, error correction, and the
like. The 1mage data output from the signal reproducing
circuit 43 1s fed into the address storage circuit 44 and the
decoder 46. The address storage circuit 44 stores addresses
of a series of sectors for the I-frame data. The address stored
in the address storage circuit 44 1s output as address
information, and supplied to the distance predictor 45. The
distance predictor 45 predicts the distance to an I frame in
the group to be reproduced next based on the address
information. The predicted distance 1s supplied to the control
circuit 48 as a distance information signal. The control
circuit 48 controls the optical pickup driving circuit 47 based
on the distance information signal. In FIG. 8, the control
circuit 48 1s separately provided. Alternatively, the control
circuit 48 may be provided in the optical pickup driving
circuit 47. The decoder 46 receives the output of the signal
reproducing circuit 43, and performs data expansion and
decoding for the image data which has been coded and
compressed. Thus, image data to be displayed 1s output.

In a trick play such as a high-speed reproduction, only the
I-frame data sets are successively reproduced 1n the follow-
Ing manner.

As shown m FIG. 9, the address storage circuit 44
includes an address extractor 441 and a memory 442, and the
distance predictor 45 includes an address calculator 451.

The address extractor 441 extracts addresses of sectors for
the I-frame data in each group from the 1image data applied
from the signal reproducing circuit 43. The extracted
addresses are stored 1n the memory 442, and addresses to be
used are fed into the address calculator 451.

For example, as shown 1n FIGS. 9 and 10, the address of
the first sector c,for the I-frame in one group (c) and the
address of the last sector b, for the I-frame in group (b)
which immediately precedes group (c) are stored in the
address storage circuit 44 (specifically, in the memory 442).
The address storage circuit 44 outputs the stored addresses
to the distance predictor 435.

The distance predictor 45 calculates a distance x, from the
sector ¢, to the sector b; using the address information
supplied from the address storage circuit 44. After the
[-frame data recorded in the sectors ¢,—c5 in the group (c) are
reproduced, the distance predictor 45 predicts the distance to
the first address for the I-frame to be reproduced next by
using the distance x,, and the distance information signal 1s
supplied to the control circuit 48. The control circuit 48
controls the optical pickup driving circuit 47, so that the
optical pickup device 42 (specifically, the reproduction head
of the optical pickup device 42: not shown) is track-jumped
by the predicted distance. As the result of this track-jump,
the reproduction head 1s jumped to the first sector d, for the
[-frame in the next group (d), and the I-frame data in the
sectors d,—d, are reproduced.

Next, the address storage circuit 44 stores the address of
the sector d, and the address of the sector ¢, which was
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reproduced immediately before, and the stored addresses are
output to the distance predictor 45. The distance predictor 45
predicts the distance X, from the sector d, to the sector c,
using the address information supplied from the address
storage circuit 44. After the I-frame data recorded in the
sectors d,—d; in the group (d) are reproduced, the distance
predictor 45 predicts the distance to the first address for the
[-frame to be reproduced next by using the distance x,, and
the distance information signal 1s supplied to the control
circuit 48. The control circuit 48 controls the optical pickup
driving circuit 47, so that the reproduction head of the
optical pickup device 42 1s track-jumped by the predicted
distance. As the result of this track-jump, the reproduction
head 1s jumped to the first sector ¢, for the I-frame 1n the
next group (¢), and the I-frame data in the sectors €,—¢5 are
reproduced.

Thereafter, 1n a similar way, the distance predictor 45
calculates the distance x; from the sector ¢, to the sector d,
based on the address of the sector e, and the address of the
sector d; stored 1n the address storage circuit 44. After the
[-frame data recorded in the sectors a,—€5 in the group (e) are
reproduced, the optical pickup device 42 1s track-jumped by
the distance predicted using the distance x;. As a result of
this track-jump, the I-frame data 1n the sectors f,—f; 1n the
next group (f) are reproduced. By repeatedly performing the
above operation, only the I-frame data sets can be succes-
sively reproduced.

In the above description, the address of the first sector for
the I-frame data 1n one group and the address of the last
sector for the I-frame data 1n a group adjacent to the one
oroup 1s used for predicting the distance. Alternatively,
addresses of sectors for the I-frame data in groups which are
separated from each other by several groups can be used. By
appropriately selecting the addresses of sectors stored in the
address storage circuit, 1t 1s possible to efficiently reproduce
the I frames.

Next, another method for successively reproducing only
the I-frame data sets 1n a trick play will be described.

In this method, 1in the address storage circuit 44, the
memory 442 stores the address of the first sector ¢, for
[-frame in one group (c) and the address of the last sector a,
for I-frame 1n a group (a) preceding by two groups with
respect to the group (c). The address storage circuit 44
outputs the stored addresses to the distance predictor 435.

The distance predictor 45 calculates the distance x, from
the sector ¢, to the sector a5 using the address information
supplied from the address storage circuit 44 (see FIG. 10).
After the I-frame data recorded in the sectors c¢,—c; of the
group (c) are reproduced, the distance predictor 45 predicts
the distance to the first address for the I-frame to be
reproduced next, by using the distance x,, and the distance
information signal 1s applied to the control circuit 48. The
control circuit 48 controls the optical pickup driving circuit
47, so that the optical pickup device 42 (specifically, the
reproduction head of the optical pickup device 42: not
shown) is track-jumped by the predicted distance (X,). As a
result of this track-jump, the reproduction head 1s jumped to
the first sector ¢, for the I-frame in the group (e) which is
separated by two groups, and the I-frame data 1n the sectors
¢,—€¢, are reproduced. As 1n the above-described case, by
repeatedly performing the above operation, only the I-frame
data sets can be successively reproduced. In this case, the
[-frame data of every other group are reproduced.

As described above, 1t 1s possible to predict the distance
from the last sector for the I-frame in a specific group to the
first sector for the I-frame in a group succeeding by m
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oroups with respect to the specific group, by using the
address of the first sector for the I-frame 1n the specific group
and the address of the last sector for the I-frame 1n a group
preceding by m groups with respect to the specific group
(herein, m 1s a natural number). Accordingly, it 1s possible
to reproduce the I-frame data in a group which 1s separated
by some groups.

According to the reproducing apparatus 700 and the
reproducing method of this example, the address storage
circuit for storing sector addresses of the I-frame data and
the distance predictor are provided. Thus, even if the 1mage
data recorded on the recording medium includes no addi-
fional information, 1t 1s possible to reproduced only the
I-frame data sets 1n a trick play. Furthermore, 1t 1s possible
to select groups 1 which the I-frame data are to be
reproduced, in accordance with the reproduction speed of
the trick play.

According to the invention, it 1s possible to provide an
optical information recording and reproducing apparatus
and a recording and reproducing method used in the
apparatus, in which trick plays such as high-speed forward
reproduction and high-speed backward reproduction can be
performed by incorporating intra-frame (or intra-field)
coded data among the coded 1mage data so that select data
can be reproduced and easily decoded by employing a
relatively simple procedure. Moreover, 1t 1s possible to
provide an optical information recording and reproducing
apparatus and a recording and reproducing method used 1n
the apparatus, in which the selection of data to be repro-
duced can be changed 1n accordance with a desired repro-
duction speed.

According to the mnvention, it 1s possible to provide an
optical 1nformation recording and reproducing apparatus
and a recording and reproducing method used 1n the appa-
ratus 1n which 1mage data can be stably and smoothly
decoded, even when data of different transfer rates are
mixedly recorded on one recording medium.

Various other modifications will be apparent to and can be
readily made by those skilled in the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What 1s claimed 1s:

1. A recording medium recorded with video information
wherein:

the video information includes a plurality of groups of
data, each group of data including intra-frame/field
coded data, inter-frame/field coded data and additional
information indicating a position of data relating to the
intra-frame/field coded data included in at least one
oroup ol data other than a specified group of data, the
intra-frame/field coded data and the interframe/field
coded data each being divided mto a plurality of
respective sectors, each of the divided sectors of the
intra-frame/field coded data having a sector address and

the additional information is:
(1) located in a respective recording area for each group
of data, and
(2) inserted into at least one of a first sector of the
divided sectors of the intra-frame/field coded data
and a sector proximate to the first sector, not all of
the divided sectors 1n the intra-frame/field coded data
are 1included 1n the specified group of data,
that the intra-frame/field coded data can be selectively
reproduced 1n accordance with a plurality of different repro-
duction speeds.
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2. The recording medium according to claim 1, wherein
the intra-frame/field coded data 1s data coded by using either
an 1ntra-frame coding method or an intra-field coding
method, and the inter-frame/field coded data 1s data coded
by using either an inter-frame coding method or an inter-
field coding method.

3. The recording medium according to claim 1, wherein
the additional information includes mformation for identi-
fying the imntra-frame/field coded data.

4. The recording medium according to claim 1, wherein
the additional information includes an address of the intra-
frame/field coded data 1n a group of data apart from the
specified group of data by m groups, where m 1s an iteger.

5. The recording medium according to claim 1, wherein
the additional information includes a distance between the
intra-frame/field coded data included 1n the specified group
of data and the intra-frame/field coded data included 1n a
oroup of data apart from the specified group of data by m
groups, where m 1s an integer.

6. An information reproducing apparatus for reproducing
video information recorded 1n the recording medium accord-
ing to claim 1, the apparatus comprising:

a pickup for reading the video information from the
recording medium;

a reproducing circuit for receiving the video information
from the pickup, and for converting the video infor-
mation 1nto a reproduced signal;

an extractor for receiving the reproduced signal, and for
extracting an additional information signal indicating
the additional information from the reproduced signal;

a control circuit for receiving the additional information

signal, and for controlling a movement of the pickup
based on the additional information signal; and

a decoder for receiving the reproduced signal, and for
decoding the reproduced signal so as to generate an
output signal.
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7. The mformation reproducing apparatus according to
claim 6, wherein the control circuit calculates a distance
between the intra-frame/field coded data included in the
specified group of data and the 1ntra-frame/field coded data
included 1 a group of data apart from the specified group of
data by m groups based on the additional information signal,
and moves the pickup by a distance less than the calculated
distance, where m 1s an integer.

8. A method for reproducing video information recorded
in the recording medium according to claim 1, the method
comprising the steps of:

reading the video information from the recording medium
by a pickup;

receiving the video information from the pickup, and
converting the video information into a reproduced
signal;

receiving the reproduced signal, and extracting an addi-

tional 1nformation signal indicating the additional
information from the reproduced signal;

receiving the additional information signal, and control-
ling a movement of the pickup based on the additional
information signal; and

receiving the reproduced signal, and decoding the repro-
duced signal so as to generate an output signal.
9. The method according to claim 8, wherein the control
step 1ncludes the steps of:

calculating a distance between the intraframe/field coded
data included 1n the specified group of data and the
intra-frame/field coded data included 1n a group of data
apart from the specified group of data by m groups
based on the additional information signal; and

moving the pickup by a distance less than the calculated
distance, where m 1s an integer.

G ex x = e
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